Objective: To explore the relationship between women's empowerment and WHO recommended infant and young child feeding (IYCF) practices in sub-Saharan Africa. Design: Analysis was conducted using data from ten Demographic and Health Surveys between 2010 and 2013. Women's empowerment was assessed by nine standard items covering three dimensions: economic, socio-familial and legal empowerment. Three core IYCF practices examined were minimum dietary diversity, minimum meal frequency and minimum acceptable diet. Separate multivariable logistic regression models were applied for the IYCF practices on dimensional and overall empowerment in each country. Setting: Benin, Burkina Faso, Ethiopia, Mali, Niger, Nigeria, Rwanda, Sierra Leone, Uganda and Zimbabwe. Subjects: Youngest singleton children aged 6-23 months and their mothers (n 15 153). Results: Less than 35 %, 60 % and 18 % of children 6-23 months of age met the criterion of minimum dietary diversity, minimum meal frequency and minimum acceptable diet, respectively. In general, likelihood of meeting the recommended IYCF criteria was positively associated with the economic dimension of women's empowerment. Socio-familial empowerment was negatively associated with the three feeding criteria, except in Zimbabwe. The legal dimension of empowerment did not show any clear pattern in the associations. Greater overall empowerment of women was consistently and positively associated with multiple IYCF practices in Mali, Rwanda and Sierra Leone. However, consistent negative relationships were found in Benin and Niger. Null or mixed results were observed in the remaining countries. Conclusions: The importance of women's empowerment for IYCF practices needs to be discussed by context and by dimension of empowerment.
Despite the global trend of improved child nutritional status, 28 % of children under the age of 5 years are still stunted in low-and middle-income countries (1) . The prevalence of stunting is the highest in sub-Saharan Africa where approximately 40 % of children are affected (1) . The risk of child undernutrition increases remarkably from 3 to 24 months of age (2) . This is because it is typically a period of time when suboptimal infant and young child feeding (IYCF) is practised, including lack of exclusive breast-feeding in the first 6 months, early introduction of complementary foods, and insufficient quality and quantity of complementary foods. Although the mechanisms are complex, suboptimal child feeding practices are well recognized as one of the leading causes of child undernutrition (3) . Intervention trials have also provided strong evidence that promoting adequate complementary feeding for children aged 6-23 months is key to reducing child stunting (4, 5) . The WHO recommends that infants be exclusively breast-fed for the first 6 months and then receive nutritionally adequate and safe complementary foods with continued breast-feeding up to 2 years of age or beyond (6) . Adherence to these optimal feeding practices in many low-and middle-income countries is unsatisfactory. Only one in three or one in six 6-23-month-old children in sub-Saharan Africa were fed adequately diverse or overall acceptable diets, respectively (7) . Women's empowerment is one of the key factors mediating intra-household resources towards optimal child-care behaviours and better nutritional outcomes (8) . Initial evidence indicates that women who are more empowered are more likely provide their young children with appropriate breast-feeding (9, 10) and complementary feeding practices such as giving complementary foods at the appropriate age (11) , increasing the number of meals (11) and feeding with nutritious foods (10, 11) . Empowerment is commonly defined as 'the expansion of people's ability to make strategic life choices in a context where this ability was previously denied to them' (12) . Women's empowerment involves the ability to influence decision making in many life aspects such as economic, socio-cultural, familial and interpersonal, and legal dimensions (13, 14) . Economically empowered women are more involved in income-generating activities and in control over finances, and often have significant control over food purchases, either to their children's benefit (15, 16) or to the improvement of their own diet (17) or nutritional status (11) . Studies in sub-Saharan Africa and South Asia have shown that the amount of money controlled by women is positively correlated with the amount of money spent on child-centred purposes, such as health care (11, 18) . Women's socio-familial empowerment is characterized by their freedom of mobility and decision making regarding interpersonal or family affairs. Socio-familial empowerment enhances the ability to acquire resources, such as information and support from friends and relatives. Women with lower socio-familial empowerment are at higher risk of being unhealthy (19) and mentally depressed or injured (20) as the result of limited access to reproductive health services (21) (22) (23) and higher risk of domestic violence (24) . Poor physical and mental health may indirectly hinder provision of timely, independent and proper feeding and child care. Legal empowerment refers to one's property rights over assets, such as land and houses. Securing women's property rights is seen as a tool to promote welfare and well-being of the women themselves and their children through increased agricultural productivity, intra-household bargaining power and financial security (18, 25, 26) . Previous evidence has suggested a connection between women's legal empowerment and better child nutrition (27) . As a multidimensional construct, women's empowerment can be linked to IYCF practices by multiple direct and indirect pathways (Fig. 1 Women's empowerment may play an important role in appropriate IYCF practices. Yet the association is conditioned on many other maternal, household and community factors, such as maternal time constraints and social beliefs and norms about feeding practices (28) (Fig. 1 ). For example, empowered women may enjoy more freedom to participate in the job market and to move around in their leisure time, but they may have less time available for child care and feeding (29) (30) (31) (32) . Therefore, the direction of the association between women's empowerment and IYCF practices may be difficult to predict and may vary by context. A deeper understanding of setting-specific relationships between women's empowerment and IYCF practices is greatly needed.
Population-based evidence has suggested a positive relationship between maternal empowerment and better child nutritional status (33, 34) , as well as the relationship between appropriate IYCF practices and better child nutritional outcomes (35, 36) . However, little is known about how the various dimensions of women's empowerment influence IYCF practices. Therefore, the goal of the present study was to examine the association between women's empowerment status, by dimension and overall, and the uptake of WHO recommended IYCF practices in sub-Saharan African countries.
Methods

Sampling
Ten countries in sub-Saharan Africa were included in these analyses: Benin, Burkina Faso, Ethiopia, Mali, Niger, Nigeria, Rwanda, Sierra Leone, Uganda and Zimbabwe. The following inclusion criteria were used for country selection: (i) having conducted a Phase 6 Demographic and Health Survey (DHS) in the year 2010 or later; (ii) having included the women's status module with questions regarding control over income, household decision making, attitudes towards domestic violence and asset ownership; and (iii) having included the IYCF module with questions regarding breastfeeding status, complementary feeding practices and milk feeding frequency.
The sample was restricted to the youngest singleton child aged 6-23 months in the household who was alive at the time of study interview and living with the respondent, who was a married woman of reproductive age (15-49 years) living with her husband or partner at the time of survey. Following these inclusion criteria, the final sample size for each country was: n 1908 (Benin); n 2090 (Burkina Faso); n 969 (Ethiopia); n 1004 (Mali); n 743 (Niger); n 4744 (Nigeria); n 1311 (Rwanda); n 1162 (Sierra Leone); n 849 (Uganda); and n 373 (Zimbabwe).
Infant and young child feeding practices Three core IYCF indicators for appropriate complementary feeding were created to describe adherence to the WHO guidelines: minimum dietary diversity, minimum meal frequency and minimum acceptable diet (Table 1 ) (37) . Minimum dietary diversity was defined as children 6-23 months of age who received foods from at least four out of seven food groups during the past day. The seven food groups used to calculate the summed dietary diversity score were: grains, roots and tubers, legumes and nuts, flesh foods (i.e. meat, fish, poultry and organ meats), eggs, vitamin A-rich fruit and vegetables, other fruits and vegetables, and dairy products. The IYCF module in the DHS asked the respondent to report whether or not the child received each food or beverage using a pre-set list during the previous day. Positive responses were tallied by food group to create the dietary diversity score. Minimum meal frequency was defined as children 6-23 months of age who received solid, semi-solid or soft foods a minimum number of times in the previous day. The minimum required frequency varied by child age and breast-feeding status (Table 1 ). In the DHS, one question asked the respondent to state the number of times the No. of solid, semi-solid or soft foods ≥ 3 Non-breast-fed Food group score § ≥ 4, AND No. of milk feeds ‡ ≥ 2, AND Total no. of solid, semi-solid or soft foods AND milk feeds ≥ 4 †Food group score is calculated based on consumption of seven food groups: grains, roots and tubers, legumes and nuts, dairy products, flesh foods, eggs, vitamin A-rich fruits and vegetables, and other fruits and vegetables. ‡Milk feeds are consumption of infant formula, milk such as tinned, powdered or fresh animal milk, and yoghurt. §Food group score is calculated based on consumption of six food groups, excluding dairy products for avoiding double counting of this food group in nonbreast-fed children.
child received solid, semi-solid or soft food in the past day. Three questions assessed the feeding frequency of infant formula, milk and yoghurt. These frequencies were used to calculate the number of milk feeds. Minimum acceptable diet, a combined indicator of the prior two, was defined differently for breast-fed and non-breast-fed children and for different age groups. The detailed criteria can be seen in Table 1 . The three indicators were dichotomously coded 1 if the child's feeding practice met the WHO recommendation or coded 0 if the feeding practice did not meet the recommendation.
Women's empowerment variables
In the women's status module of the DHS Phase 6 survey, nine questions captured three dimensions of women's empowerment: (i) economic empowerment (relative income to husband/partner, control over men's income, control over women's income, decision making on large household purchases); (ii) socio-familial empowerment (decision making regarding family visits, women's own health, and attitude towards domestic violence under five scenarios); and (iii) legal empowerment (women's judicial and legislative entitlements over land and over house). Following an established coding scheme (38) we aggregated each item using dichotomous codes, with 1 indicating higher empowerment and 0 indicating lower empowerment. The summative dimensional sub-scores over items within each dimension and a total empowerment score over all nine items were calculated. The possible maximum scores for the dimensional sub-scores were 4, 3 and 2 for the economic, socio-familial and legal dimensions, respectively. The total empowerment score ranged from 0 to 9. Using DHS sample weights to adjust for probability differences in sample selection, we calculated the weighted mean and standard error of dimensional sub-scores and the total score for each country. For each empowerment dimension and total score, we categorized each woman as having either high or low empowerment based on whether her score fell above or below the country-specific weighted mean.
Control variables
Previous research has documented the association between women's empowerment and education (39) , household wealth (40) and number of living children (39, 41) . Across studies conducted in sub-Saharan Africa, poorer maternal education, lower household wealth and younger child age have been found to be determinants of suboptimal IYCF practices (42) (43) (44) . Given this, our analyses controlled for maternal age, maternal education, child age, child sex, number of living children, rural or urban residence and household wealth quintile as potential confounders.
Statistical analysis
The statistical software package STATA/SE version 13·1 was used to analyse data in the present study. All analyses were adjusted for complex survey design weight and design effect >1 due to the multistage stratified cluster sampling design of the DHS. Sample demographic characteristics, distribution of women's empowerment and distribution of IYCF practices were all described adjusting for the complex survey design to represent the population proportion, mean and standard error. To study the association between women's empowerment and IYCF practices, we applied bivariate and multivariable logistic regression models for each of the three IYCF practices by total empowerment status. Three binary dimensional empowerment variables were fitted in the unadjusted and adjusted models controlling for each other to examine the independent dimensional relationship with IYCF practices. The statistical significance level was set at P < 0·05.
Results
Demographic characteristics and empowerment characteristics
The sample demographic characteristics are presented by country at maternal, child and household levels ( Table 2 ). The mean age of women ranged from 27·8 to 30·3 years across countries. Maternal education levels varied largely: the proportion of women receiving at least primary education was lowest in Burkina Faso (16·6 %) and highest in Zimbabwe (98·6 %). Children on average were between 13·4 and 14·5 months of age, with a majority of them still being breast-fed (74·2-93·6 %). The study sample was predominantly rural in all countries (60·4-90·0 %). However, the wealth quintile within each country sample was not always evenly distributed. For example, about half of the sample in Ethiopia (47·1 %) and Sierra Leone (47·9 %) came from the poorest two quintiles, whereas more than half of the Niger sample (55·0 %) was from the richest two quintiles.
The distribution of women's empowerment status is presented by dimensional sub-score and the total empowerment score for each country (Table 3) . Across countries, the mean dimensional sub-score ranges were respectively 0·9-3·0, 0·6-2·3 and 0·4-1·6 for economic, socio-familial and legal empowerment. The mean total empowerment score was lowest in Mali (2·8 (SE 0·07)) and highest in Zimbabwe (6·4 (SE 0·09)).
Minimum dietary diversity
The mean dietary diversity score ranged from 1·4 in Burkina Faso to 2·7 in Benin and Rwanda (Table 4) . Less than 35 % of children 6-23 months of age met the minimum dietary diversity of at least four food groups in the past day (6·4-35·3 %). As child age increased, they were more likely to be fed with minimum required dietary diversity in their diet.
The unadjusted and adjusted odds ratios (aOR) and 95 % CI are presented (Table 5 and Table 6 , respectively) between women's empowerment status and the three recommended IYCF practices by country. After controlling for confounders and the other two dimensional sub-scores (Table 6 ), women with higher economic empowerment were more likely to feed their children with the minimum required dietary diversity (aOR = 1·05-1·43) as compared with women with lower economic empowerment in all countries except Benin (aOR = 0·92; 95 % CI 0·74, 1·16), Ethiopia (aOR = 0·75; 95 % CI 0·41, 1·37) and Zimbabwe (aOR = 0·77; 95 % CI 0·41, 1·47). However, the association was significant only in Nigeria (aOR = 1·40; 95 % CI 1·15, 1·70). In two countries, Benin (aOR = 0·76; 95 % CI 0·61, 0·95) and Nigeria (aOR = 0·80; 95 % CI 0·66, 0·98), there were significant negative associations between the sociofamilial dimension and the likelihood of meeting the minimum dietary diversity. Legal empowerment showed various associations across countries. While significant positive adjusted associations were found in Mali (aOR = 2·06; 95 % CI 1·49, 2·85), Nigeria (aOR = 1·30; 95 % CI 1·10, 1·53) and Sierra Leone (aOR = 1·65; 95 % CI 1·16, 2·35), a significant negative finding was observed in Niger 
Total score (out of 9 points) Mean
(aOR = 0·59; 95 % CI 0·39, 0·90). The total empowerment score had a significant and positive relationship in three countries: Burkina Faso (aOR = 1·90; 95 % CI 1·26, 2·88), Mali (aOR = 1·54; 95 % CI 1·13, 2·09) and Sierra Leone (aOR = 1·78; 95 % CI 1·27, 2·51).
Minimum meal frequency
Minimum meal frequency was achieved in 33·5-59·5 % of children (Table 4 ). In general, the proportion of children meeting this feeding criterion increased with child age, although a reverse trend was observed in Sierra Leone and Uganda. Data did not show any consistent trend by breastfeeding status.
Six of the ten countries demonstrated positive odds ratios (aOR = 1·04-1·29) in the relationship between economic empowerment and the probability of meeting the minimum meal frequency criterion (Table 6 ). In Burkina Faso, women with higher economic empowerment were 29 % (aOR = 1·29; 95 % CI 1·06, 1·58) more likely to feed children at least the minimum number of meals. However, more economically empowered women in Zimbabwe were 45 % less likely to provide a sufficient number of meals to their children (aOR = 0·55; 95 % CI 0·31, 0·98). Three significant negative findings were found in Burkina Faso (aOR = 0·80; 95 % CI 0·66, 0·98), Niger (aOR = 0·57; 95 % CI 0·39, 0·84) and Nigeria (aOR = 0·80; 95 % CI 0·68, 0·93) in relation to socio-familial empowerment. In contrast, a positive association in socio-familial empowerment and minimum meal frequency was observed in Zimbabwe (aOR = 1·63; 95 % CI 1·01, 2·62). Significant negative and positive associations were observed in Benin (aOR = 0·69; 95 % CI 0·56, 0·86) and Mali (aOR = 1·57; 95 % CI 1·18, 2·09), respectively, between legal empowerment and minimum meal frequency. The total empowerment score was positively associated with minimum meal frequency in Mali (aOR = 1·35; 95 % CI 1·03, 1·78) and Rwanda (aOR = 1·33; 95 % CI 1·05, 1·69), but negatively associated with minimum meal frequency in Benin (aOR = 0·79; 95 % CI 0·65, 0·95) and Niger (aOR = 0·64; 95 % CI 0·47, 0·88) in the adjusted models.
Minimum acceptable diet
Of the children, 3·7-18·3 % were fed with minimum acceptable diet ( Table 4 ). The likelihood of meeting this feeding criterion generally increased with child age, yet local decreases were seen between the 12-17 months and 18-23 months age group in Nigeria, Sierra Leone and Zimbabwe. No clear pattern was observable of meeting this criterion between breast-fed and non-breast-fed children.
Higher women's economic empowerment was associated with higher likelihood of feeding a minimum acceptable diet (aOR = 1·06-2·14) in all countries except Ethiopia (aOR = 0·67; 95 % CI 0·33, 1·36). Significant adjusted results were observed in Nigeria (aOR = 1·43; 95 % CI 1·11, 1·84) and Sierra Leone (aOR = 2·14; 95 % CI 1·19, 3·85; Table 6 ). Negative associations (aOR = 0·54-0·95) in socio-familial empowerment and minimum acceptable diet were found in six of the ten countries. However, only Nigeria showed a statistically significant negative result (aOR = 0·58; 95 % CI 0·45, 0·74). In Zimbabwe, there was a significant positive association between women's socio-familial empowerment status and 
IYCF, infant and young child feeding; BF, breast-fed. †Data presented are percentages unless otherwise indicated; missing data ranges from 0 % 10·3 %. Minimum dietary diversity Economic 0·94 0·76, 1·17 1·80* 1·15, 2·82 1·31 0·77, 2·22 1·15 0·82, 1·62 1·18 0·79, 1·78 1·74* 1·44, 2·10 1·38* 1·05, 1·81 1·49* 1·01, 2·19 1·09 0·75, 1·60 0·79 0·44, 1·43 Socio-familial 0·80* 0·65, 0·99 1·61* 1·09, 2·36 1·33 0·70, 2·56 1·40* 1·03, 1·90 0·90 0·59, 1·38 1·06 0·88, 1·27 1·30 0·94, 1·79 1·06 0·72, 1·56 0·94 0·65, 1·36 1·51 0·95, 2·41 Legal 0·78* 0·63, 0·97 0·74 0·51, 1·08 0·45* 0·27, 0·75 1·54* 1·15, 2·05 0·48* 0·33, 0·70 1·42* 1·21, 1·66 0·80 0·60, 1·05 1·36 0·99, 1·87 0·64* 0·46, 0·91 0·88 0·55, 1·39 Total score 0·90 0·74, 1·09 2·12* 1·41, 3·17 0·89 0·53, 1·48 1·43* 1·07, 1·91 0·91 0·63, 1·31 1·70* 1·47, 1·96 1·51* 1·15, 1·98 1·75* 1·26, 2·42 0·76 0·55, 1·06 0·81 0·52, 1·28 Minimum meal frequency Economic 1·00 0·81, 1·25 1·31* 1·08, 1·59 0·94 0·72, 1·23 1·05 0·76, 1·46 0·96 0·67, 1·36 1·06 0·91, 1·23 1·27* 1·00, 1·61 1·30 0·96, 1·77 1·07 0·78, 1·48 0·62 0·35, 1·07 Socio-familial 1·12 0·91, 1·38 0·83 0·68, 1·01 1·29 0·95, 1·75 1·20 0·90, 1·60 0·54* 0·37, 0·77 0·76* 0·65, 0·89 0·99 0·75, 1·30 1·04 0·77, 1·41 0·94 0·69, 1·28 1·32 0·86, 2·02 Legal 0·68* 0·55, 0·84 1·08 0·90, 1·29 0·94 0·70, 1·24 1·49* 1·14, 1·95 1·04 0·77, 1·42 0·91 0·79, 1·04 1·18 0·92, 1·52 1·07 0·84, 1·37 1·06 0·80, 1·40 1·00 0·66, 1·52 Total score 0·81* 0·68, 0·98 1·12 0·94, 1·34 1·19 0·91, 1·55 1·30 0·99, 1·70 0·64* 0·47, 0·87 0·84* 0·75, 0·95 1·46* 1·16, 1·84 1·18 0·92, 1·50 0·89 0·67, 1·17 0·66 0·44, 1·00 Minimum acceptable diet Economic 1·11 0·84, 1·47 1·25 0·73, 2·14 1·12 0·60, 2·11 1·24 0·75, 2·06 1·05 0·62, 1·78 1·67* 1·30, 2·13 1·45* 1·05, 1·99 2·28* 1·29, 4·04 1·18 0·68, 2·05 1·48 0·59, 3·71 Socio-familial 0·78 0·60, 1·03 1·76* 1·07, 2·89 1·03 0·50, 2·12 1·46 0·92, 2·33 0·68 0·38, 1·21 0·67* 0·53, 0·86 1·21 0·83, 1·76 0·91 0·52, 1·58 1·02 0·60, 1·72 2·31* 1·22, 4·37 Legal 0·67* 0·50, 0·89 0·64 0·40, 1·04 0·67 0·36, 1·25 1·84* 1·18, 2·85 0·65 0·40, 1·05 1·20 0·97, 1·48 0·81 0·59, 1·11 1·52 0·96, 2·40 0·56* 0·34, 0·91 0·99 0·53, 1·83 Total score 0·78* 0·61, 0·99 1·97* 1·18, 3·30 1·00 0·54, 1·87 1·46 0·94, 2·26 0·61 0·37, 1·02 1·15 0·95, 1·39 1·66* 1·20, 2·29 1·87* 1·16, 3·00 0·76 0·48, 1·21 1·02 0·56, 1·87
IYCF, infant and young child feeding. *Significant at P < 0·05. Minimum dietary diversity Economic 0·92 0·74, 1·16 1·43 0·89, 2·29 0·75 0·41, 1·37 1·25 0·87, 1·81 1·29 0·82, 2·03 1·40* 1·15, 1·70 1·24 0·93, 1·66 1·35 0·90, 2·02 1·05 0·70, 1·58 0·77 0·41, 1·47 Socio-familial 0·76* 0·61, 0·95 1·36 0·91, 2·04 0·94 0·46, 1·91 1·28 0·92, 1·79 0·71 0·44, 1·14 0·80* 0·66, 0·98 1·07 0·76, 1·50 1·16 0·78, 1·75 0·85 0·57, 1·27 1·27 0·74, 2·19 Legal 0·86 0·69, 1·09 0·90 0·61, 1·34 1·34 0·67, 2·68 2·06* 1·49, 2·85 0·59* 0·39, 0·90 1·30* 1·10, 1·53 0·95 0·70, 1·30 1·65* 1·16, 2·35 0·84 0·58, 1·22 1·83 0·96, 3·48 Total score 0·88 0·72, 1·07 1·90* 1·26, 2·88 0·59 0·33, 1·03 1·54* 1·13, 2·09 0·84 0·57, 1·25 1·09 0·92, 1·28 1·28 0·96, 1·72 1·78* 1·27, 2·51 0·74 0·52, 1·06 0·99 0·58, 1·69 Minimum meal frequency Economic 0·97 0·78, 1·20 1·29* 1·06, 1·58 0·80 0·60, 1·06 1·13 0·81, 1·57 0·91 0·63, 1·30 1·12 0·95, 1·31 1·20 0·94, 1·53 1·28 0·94, 1·75 1·04 0·75, 1·44 0·55* 0·31, 0·98 Socio-familial 1·11 0·90, 1·37 0·80* 0·66, 0·98 1·17 0·85, 1·60 1·17 0·87, 1·57 0·57* 0·39, 0·84 0·80* 0·68, 0·93 0·91 0·69, 1·21 1·08 0·79, 1·48 0·96 0·70, 1·33 1·63* 1·01, 2·62 Legal 0·69* 0·56, 0·86 1·08 0·90, 1·30 1·09 0·78, 1·54 1·57* 1·18, 2·09 0·96 0·70, 1·33 0·92 0·80, 1·05 1·13 0·87, 1·48 1·20 0·92, 1·56 1·18 0·88, 1·58 1·52 0·88, 2·60 Total score 0·79* 0·65, 0·95 1·10 0·92, 1·32 1·06 0·80, 1·39 1·35* 1·03, 1·78 0·64* 0·47, 0·88 0·93 0·82, 1·06 1·33* 1·05, 1·69 1·23 0·96, 1·59 0·90 0·68, 1·20 0·78 0·50, 1·23 Minimum acceptable diet Economic 1·06 0·80, 1·41 1·14 0·65, 2·01 0·67 0·33, 1·36 1·37 0·81, 2·31 1·09 0·62, 1·93 1·43* 1·11, 1·84 1·29 0·92, 1·79 2·14* 1·19, 3·85 1·17 0·66, 2·07 1·43 0·55, 3·72 Socio-familial 0·77 0·58, 1·02 1·62 0·97, 2·70 0·76 0·35, 1·67 1·38 0·85, 2·24 0·54 0·29, 1·01 0·58* 0·45, 0·74 1·02 0·69, 1·51 0·95 0·54, 1·69 0·95 0·54, 1·66 2·27* 1·11, 4·64 Legal 0·72* 0·53, 0·97 0·70 0·43, 1·15 2·02 0·88, 4·67 2·28* 1·42, 3·67 0·79 0·47, 1·33 1·13 0·91, 1·40 0·88 0·62, 1·25 1·90* 1·16, 3·12 0·66 0·39, 1·12 2·18 0·95, 5·02 Total score 0·76* 0·60, 0·97 1·86* 1·11, 3·13 0·79 0·41, 1·52 1·58* 1·00, 2·49 0·55* 0·33, 0·93 0·88 0·71, 1·08 1·41* 1·01, 1·98 1·90* 1·17, 3·09 0·74 0·45, 1·22 1·48 0·75, 2·94
IYCF, infant and young child feeding; aOR, adjusted odds ratio. *Significant at P < 0·05. †Confounders adjusted for include maternal age, maternal education, child age, child sex, number of living children, urban residence and household wealth index quintile.
minimum acceptable diet (aOR = 2·27; 95 % CI 1·11, 4·64). The association between women's legal empowerment and minimum acceptable diet varied by country. In Mali (aOR = 2·28; 95 % CI 1·42, 3·67) and Sierra Leone (aOR = 1·90; 95 % CI 1·16, 3·12), legally empowered women were approximately twice as likely to feed their children with a minimum acceptable diet; while in Benin, it was about 30 % less likely (aOR = 0·72; 95 % CI 0·53, 0·97) to meet this feeding criterion. The total empowerment score was associated with increased likelihood of meeting the minimum acceptable diet in four countries: Burkina Faso (aOR = 1·86; 95 % CI 1·11, 3·13), Mali (aOR = 1·58; 95 % CI 1·00, 2·49), Rwanda (aOR = 1·41; 95 % CI 1·01, 1·98) and Sierra Leone (aOR = 1·90; 95 % CI 1·17, 3·09). However, the likelihood of meeting the minimum acceptable diet criterion was 24 % (aOR = 0·76; 95 % CI 0·60, 0·97) and 45 % (aOR = 0·55; 95 % CI 0·33, 0·93) less in women with higher overall empowerment in Benin and Niger, respectively.
Discussion
Using consistent measures in the DHS, we were able to explore and compare the associations between women's empowerment status and IYCF practices in ten sub-Saharan African countries. Our study showed that the strength and direction of the relationship between women's empowerment and complementary feeding practices varied by country and by dimension of empowerment. The study's findings indicated that independent of other dimensions, economic empowerment may have positive relationships with appropriate IYCF practices, although the adjusted associations were not significant in the majority of the countries. Higher women's economic empowerment is expected to be associated with increased financial access to foods and increased food distribution to children. A study in the Philippines found that maternal contribution to household income and her control over her income were significantly related to increased weekly household food expenditure after controlling for covariates at individual and household levels (15) . Greater food expenditure may have increased women's ability to purchase food and breast milk substitutes for young children (45) . The benefit of increased income and control over income v. the cost of reduced time is often recognized as a trade-off between maternal employment and child care. Existing evidence suggests that the cost is more likely to outweigh the benefit during early infancy because working mothers may not be able to initiate breastfeeding (29, 46) , to practise exclusive breast-feeding (30) or to breast-feed as long or frequently as needed (47) (48) (49) . Older children seemed to benefit more from their economically empowered mothers as seen from their better nutritional status compared with their counterparts of unemployed (50) or less financially autonomous mothers (51) . However, women with higher financial autonomy may prioritize other urgent family demands over children's nutritional needs. In the Zimbabwean sample, where almost all women had at least primary education, we found that higher women's economic empowerment significantly decreased the probability of providing the minimum required number of meals. Maternal characteristics, such as educational attainment, may modify how household financial resources are allocated between nutritional and non-nutritional needs. More research is needed to test the potential modifying effect of socio-economic factors on the association between women's economic empowerment and IYCF practices.
Except for Zimbabwe, all statistically significant relationships between socio-familial empowerment and appropriate feeding practices were negative. A few mechanisms may help to explain the reverse direction. First, the association between socio-familial empowerment and IYCF practices may be conditioned on broader communal knowledge of IYCF practices. As women have more freedom to visit other families in the community, they may be more likely to engage in social networking with community members and exchange ideas and cultural beliefs on child-care practices. If the average local educational level is high, women may learn from each other on health and nutritional knowledge. Otherwise, they may be easily exposed to 'wrong' suggestions from the neighbourhood. In the current study, negative associations between higher socio-familial empowerment and better IYCF practices were found significant in Benin, Burkina Faso, Niger and Nigeria, where the proportion of primary education or higher was low at 28·5 %, 16·6 %, 22·4 % and 53·2 %, respectively. However, the only positive associations of empowerment to meal frequency and to acceptable diet were observed in Zimbabwe, where maternal education was nearly universal (98·6 %). Second, the indicators under the socio-familial dimension of the current study (freedom to visit family, to decide her own health, to be against domestic violence under unjustified situations) may more closely predict behaviours that benefit women's own welfare rather than altruistic behaviours to benefit others in the family, such as children (17) . Previous research has found close links between women's empowerment indicators that describe their own leisure and their own food consumption (17) . DHS data from thirty-one developing countries also showed that women's autonomy to decide on her own health, compared with other empowerment indicators, had the strongest relationship with better maternal healthservice utilization (23) . Because there is a potential indirect link connecting women's socio-familial empowerment, maternal sub-optimal nutritional status and health, and IYCF practices, the observed negative relationships may have been confounded by other uncontrolled factors.
In our study, both negative and positive associations were observed when examining legal empowerment.
No consistent pattern could be captured in the relationship between legal empowerment and appropriate feeding behaviours across countries. Legal empowerment, as captured by women's legitimate ownership over land and houses, is closely associated with women's decisionmaking power in the household (27, 52) as well as protection against domestic violence (19, 53) . It was not quite clear why women's title to land and houses decreased their ability to feed children appropriately in Benin and Niger compared with similar women with no land or home ownership. Because asset inheritance rules can be complicated and vary across settings (12) , a dichotomous indicator on legal empowerment may be insufficient to tell apart de facto v. de jure entitlement in some countries, which influences women's choice making and behaviour differently. In the context of devaluation of agriculture in India, Rao argued that granting land rights to women led to an increase of work burden without much improvements in their food security or social status (54) . Benin and Niger may have also undergone a similar shift in the valuation of land due to rapid population increase, slow growth in the agriculture sector and increased needs for diversifying livelihoods (54, 55) . Regarding overall empowerment, the direction of association was determined by the synergistic or antagonistic relationship among individual dimensional empowerment. In some countries, economic and socio-familial empowerment were negatively associated with the likelihood of appropriate feeding behaviours, which may help to explain the null relationships in overall empowerment. The insignificant associations also suggested that women's empowerment alone may not be adequate to lead to appropriate IYCF practices in many sub-Saharan countries.
Because no single indicator is sufficient to summarize appropriate complementary feeding behaviours (56) , it is important to examine multiple IYCF practices simultaneously within each country. With few exceptions, we have observed consistent significant adjusted positive (Mali, Rwanda and Sierra Leone), negative (Benin and Niger) or null associations (Ethiopia and Uganda) between women's empowerment indicators and multiple IYCF practices. The consistent direction of the associations implied correlations between IYCF practices and supported that the repeated relationships were not due to chance alone. Positive associations are in line with theoretical expectation and previous studies. In a multi-country study, pooling data from DHS 1990-1998 across thirty-six developing countries, Smith et al. observed that higher women's decision-making power relative to their partners was associated with a slight but significant increase in daily meal frequency of children aged 6-36 months and the probability of receiving complementary foods of children aged 6-12 months in South Asia and sub-Saharan Africa (11) . The lack of significant findings in Ethiopia and Uganda may be due to several factors. Financial constraint was reported in formative research by Ethiopian (57) and Ugandan mothers (58) as one of the major reasons not to feed children more meals with nutritious foods. About half of the Ethiopian sample was in the two lowest wealth index quintiles, which may help explain the null average relationship. In addition, beliefs, attitudes and expectation about appropriate IYCF practices were found to deviate widely from the current guidelines (57, 59) . For example, some nutrient-dense foods, such as meat and eggs, were considered unsuitable, 'too strong' or too hard to digest for young children. In Uganda, knowledge-practice discrepancies were found; mothers knew which complementary foods would be beneficial but lacked resources to put their knowledge into practice (60) . Constrained by their resources, knowledge or both, even empowered women may not be able to adhere to recommended feeding practices. In both countries, men are expected to influence feeding decisions as the major supplier of money and food (57, 58, 61) . Women's decisionmaking power relative to men, rather than the women's absolute empowerment, may account for more of the differences in complementary feeding practices in the two countries, yet measures on relative empowerment are not available in the DHS.
There are a few limitations inherent in the DHS data. Only associations, rather than causalities, can be studied because of the cross-sectional design of the surveys. The inclusion criteria applied in the present study required data available on multiple measurements of women's empowerment and IYCF practices. Generalizability of the study's findings may only be to subjects who share similar characteristics. Although consistent methods were used in this multi-country analysis, caution is needed when comparing results from different settings as the DHS were not conducted in the same year and not all surveys included their country-specific questions in assessing IYCF practices. Future studies are needed to examine the association in other regions of the world, such as South Asia, where women's status is low and child malnutrition is prevalent.
Conclusions
Poor complementary feeding practices to children 6-23 months of age were prevalent in the ten countries examined in sub-Saharan Africa. In general, mothers with higher economic empowerment were more likely to feed infants and young children with the minimum recommended dietary diversity and meal frequency. However, the associations in relation to socio-familial and legal empowerment need to be discussed under specific contexts as null findings and results opposite to theoretical expectations were found in several countries. The study highlighted the importance of maternal empowerment for appropriate child feeding behaviours. Future research should explore these relationships across other developing regions or study the context-specific mechanisms behind them.
